Spectroscopic and kinetic analyses reveal the pyridoxal 5'-phosphate binding mode and the catalytic features of Treponema denticola cystalysin.
To obtain insight into the functional properties of Treponema denticola cystalysin, we have analyzed the pH- and ligand-induced spectral transitions, the pH dependence of the kinetic parameters, and the substrate specificity of the purified enzyme. The absorption spectrum of cystalysin has maxima at 418 and 320 nm. The 320 nm band increases at high pH, while the 418 nm band decreases; the apparent pK(spec) of this spectral transition is about 8.4. Cystalysin emitted fluorescence at 367 and 504 nm upon excitation at 320 and 418 nm, respectively. The pH profile for the 367 nm emission intensity increases above a single pK of approximately 8.4. On this basis, the 418 and 320 nm absorbances have been attributed to the ketoenamine and substituted aldamine, respectively. The pH dependence of both log k(cat) and log k(cat)/K(m) for alpha,beta-elimination reaction indicates that a single ionizing group with a pK value of approximately 6.6 must be unprotonated to achieve maximum velocity. This implies that cystalysin is more catalytically competent in alkaline solution where a remarkable portion of its coenzyme exists as inactive aldamine structure. Binding of substrates or substrate analogues to the enzyme over the pH range 6-9.5 converts both the 418 and 320 nm bands into an absorbing band at 429 nm, assigned to the external aldimine in the ketoenamine form. All these data suggest that the equilibrium from the inactive aldamine form of the coenzyme shifts to the active ketoenamine form on substrate binding. In addition, reinvestigation of the substrate spectrum of alpha,beta-elimination indicates that cystalysin is a cyst(e)ine C-S lyase rather than a cysteine desulfhydrase as claimed previously.